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INTRODUCTION 

The present study aims at better understanding of links that 
were .Found between hydrogen acceptor abilities of coals and their 
solidification temperatures ( 1 ) In search f o r  means of pre- 
diction of the development of anisotropic texture in coking coal 
blends ( 1 ) .  

Our approach is based on the four methodological steps applied 
to a set of twenty coals that represent a wide range of 
thermoplastic properties. The steps at-e: ( 1 )  determination of 
hydrogen acceptor abilities of the coals in reaction with 
tetralin; ( 2 )  determination of Gieseler-solidification 
temperati.ires o f  the coals; ( 3 )  characterization of the coal5 by 
pyrolysis /Py/--field ionization /FI/ mass spectrometry /MS/ of 
the coals: and (4) multivariate chemometric evaluation of these 
three data sets. Specific role of Py-FIMS of coals lies in that 
the technique displays chemical composition of a part of coal 
material tilat is able to diffuse and penetrate coal grains on 
heating during coal processing: it has been found that this 
movable part influences coal reactivity in reaction with H-donor- 
( 2 - 3 )  and in low-temperature pyrolysis (4): 

The pr-esent paper is aimed at search for structural units of coal 
material that at-e active in hydrogen transfer and units that are 
active in reactions resulting in coal solidification on heating. 
It is believed that the results can contribute to iden- 
tification of structures active in liquefaction retrogressive 
reac t i ons. 

EXPERI MENTAL 

Coal Samples. Twenty carboniferous coals from Poland wet-e 
studied. Their basic properties (wt.% daf) are: carbon 85-91: 
hydrogen 4.3-5.9; oxygen 0 .  E-7.0; sulfur 0.5-3.8. The 
petrographic composition (wt.% dmmf) is: vitrinite 63-88; ex- 
inite 0.-11; inertinite 7-30. Solidification temperatures of the 
coals (Table 1 )  are in the 417-490oC range. 

!?eac&.i-on - ~ f  ,.Co_a_ls. wl$,h.TetWij. The reaction was carried out at 
400oC; 60 min; for coal-tetralin mixture 1:2 w/w. The amount of 
hydrogen transferred from tetralin to coal material /HTr/ was 
calculated on the basis of GC determination of unreacted 
tetralin/naphthalene ratio. Other details were reported earlier ( 

3 except for thermal decomposition of tetralin at 4000C. 
Tetralin was heated in the autoclave at 40CloC/60 min and GC ana- 
lysed . The result of analysis: 97.8 % tetralin; 1.4 X 
naphthalene: and compounds o f  lower and higher retention times 
0 . 5  X and 0.3 X I  respectively, were used for calculation of 
corrected HTr values /shown in Table 11. The same procedure was 
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a p p l i e d  i n  d e t e r m i n a t i o n  of HTr f o r  p y r i d i n e  /Py/- e x t r a c t a b l e s  
and Py-residues o f  t h e  coals .  

- PJ-FI MS and Chemometric Techiquec,. B o t h  have been p r e v i o u s l y  
descr ibed i n  d e t a i l s  (2-4). 

RESULTS 

Hydrn en T rans fe r  t o  Coal M a t e r i a l .  The d a t a  i n  Table 1 show t h a t  
organ?c m a t e r i a l  o f  Py -ex t rac tab le5  as w e l l  as of Py-res idues 
r e a c t  w i t h  t e t r a l i n .  Amount o f  hydrogen t r a n s f e r r e d  t o  F'y- 
e x t r a c t a b l e s  and t o  t h e  res idues  i s  i n  t h e  same range f rom 
0.4 t o  1.0 grams o f  H / 101) grams o f  org.  m a t e r l a l .  I f  one 
compares HTr va lues  f o r  a coal ,  i t s  e x t r a c t e d  m a t e r i a l  and 
res idue,  one can say, a l l  cases a r e  observed: some c o a l  
samples show t h e  h i g h e s t  HTr; i n  o t h e r  c o a l s  t h e  h ighes t  HTr 
1s found f o r  t h e i r  e x t r a c t a b l e s  o r  f o r  res idues .  
The c o r r e l a t i o n  . c o e f f i c i e n t  found between HTr va lues  f o r  t h e  
c o a l s  and t h e i r  s o l i d i f i c a t i o n  temperatures i s  v e r y  s i g n i f i c a n t  
/ r = 0.87/. Lower t- va lues were found f o r  t h e  pt-oducts of ex- 
t r a c t i o n .  
Hvdrosen Transfer and F I  D i f f e r e n c e  Mass Saectrum -of S e l e c t e d  
C-. Four most r e a c t i v e  c o a l s  /HTr i n  t h e  range f rom 0.8 t o  
1.2/ were se lec ted ;  t h e i r  F I  mass spec t ra  were normal ized and 
summed. Next, f o u r  l e a s t  r e a c t i v e  c o a l s  /HTr i n  0.1 - 0.4 
range/ were chosen and t h e i r  s p e c t r a  were normal ized and summed. 
F i g u r e  shows t h e  d i f f e r e n c e  spectrum f o r  t h e  two groups o f  
coals .  The upper p a r t  o f  F i g u r e  shows F I  mass s i g n a l s  whose 
i n t e n s i t i e s  a r e  h ighe r  i n  t h e  h i g h  r e a c t i v e  coals .  The lower 
p a r t  shows s i g n a l s  whose i n t e n s i t i e s  a r e  h ighe r  i n  t h e  l e a s t  
r e a c t i v e  coa ls .  Hence, i t  ha.s been concluded t h a t  t h e  compos i t i on  
o f  t h e  v o l a t i l i z e d ,  i n  t h e  mass spect rometer ,  m a t e r i a l  of c o a l s  
can supply  i n f o r m a t i o n  about components t h a t  at-e a c t i v e  i n  
hydrogen t r a n s f e r  as w e l l  as about u n r e a c t i v e  species.  

F I  Mass S i g n a l s  C o r r e l a t e d  w i t h  Hvdroqen Transfer ,  R e s u l t s  o f  
c o r r e l a t i o n  a n a l y s i s  c a r r i e d  o u t  f o r  two s e t s  of data:  ( a )  F I  
mass s i g n a l s  i n  t h e  range 158-400 a.m.u. and (b)  amounts o f  
hydrogen t r a n s f e r r e d  t o  t h e  samples o f  coals .  a r e  shown i n  
Table 2. Seventy seven F I  mass s igna16 were found  t o  be 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  HTr values. f? v a s t  m a j o r i t y  
of t h e  c o e f f i c i e n t s  a re  h i g h l y  s i g n l f i c a n t  ( r:!+ 0.68 I ) .  
T h i s  i n d i c a t e s  t h a t  t h e r e  i s  a c a u s i t i v e  l i n k  between s t r u c -  
t u r e s  rep resen ted  by t h e  c o r r e l a t e d  s i g n a l s  and r e a c t i v i t y  
o f  t h e  Coal5 i n  hydrogen t r a n s f e r .  
O u t  o f  a l l  t h e  c o r r e l a t e d  s i g n a l s ,  f o r t y  seven s l g n a l s  a r e  
c o r r e l a t e d  w i t h  p o s i t i v e  s i g n  /Table 2;upper/ i . e . ,  t h e  higher-  
t h e  i n t e n s i t i e s  of t h e s e  s i g n a l s  t h e  h ighe r  amount of hydrogen 
i s  t r a n s f e r r e d  t o  t h e  coals .  A l l  t hese  s i g n a l s  can be f o u n d  i n  
t h e  upper p a r t  o f  t h e  d i f f e r e n c e  spectri.im /F igu re /  . 
T h i r t y  s i g n a l s  a r e  c o r r e l a t e d  w i t h  nega t i ve  s i g n  /Table 2 ;  l o w e r /  
which means: t h e  h ighe r  t h e  i n t e n s i t i e s  o f  t h e  s i g n a l s  t h e  
lower amount of hydrogen i s  t r a n s f e r r e d  t o  t h e  coals .  fill 
t h e  s i g n a l s  can be found i n  t h e  lower p a r t  of t h e  d i f f e r e n c e  
spectrum. 

Proposed s t r u c t u r e s  f o r  a l l  c o r r e l a t e d  s i g n a l s  at-e shown i n  Table 
3. The s t r u c t u r e s  rep resen t  o n l y  one o f  a l l  p o s s i b l e  isomers f o r  
example, pyrene / m / z  202/ i s  d isp layed,  a l t hough  t h e r e  a r e  
t h r e e  o t h e r  four- - r ing aromat ic  hydrocarbons, a l l  w i t h  t h e  same 

- 
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accura te  mass a s  f o r  pyrene. Isomers not, presented i.n t h e  
Table can  be f o u n d  i n  re fe rence  5 .  

SXr-uLtur.eF _-fect>.y~ --.ii.- Hydrogen Transfer-, /Table 3; upper / .  I n  
genera l ,  t h e r e  a r e  two t ypes  o f  compounds t h a t  a r e  p o s i t i v e l y  
c o r r e l a t e d  w i t h  hydrogen trans.fet-. They a r e  aromat ic  hydrocar-  
bons and hydroxycompounds. Hydroaromat ics seem t o  be o f  minor 
importance f o r  t h e  r e a c t i v i t y  ID+ t h e  s t u d i e d  Coals, compared 
w i t h  lower rank c o a l s  ( 3 . 4 ) ,  s i n c e  t h e y  a r e  represented by a few 
hydropyrenes. 

Aromat ic hydrocarbons a r e  represented by 12 c lasses.  w i t h  r espec t  
o+ number 0.f a romat i c  r i n g s  and mode o f  t h e i r  arrangement. They 
are: 3-aromat ic r i n g  hydrocarbon (m/z 190) ; 4-aromat ic r i n g  (m/z 
202; 226; 240; 254) ;  5-aromat ic r i n g  (m/z 252: 264; 2'76; 278); 6- 
aromat ic  r i n g  ( m / z  302; 328) and 7-aromat ic r i n g  hydrocarbon 
(m/z 300). Wi th  respec t  o f  a l k y l  s u b s t i t u e n t s ,  m a j o r i t y  o f  t h e  
hydrocarbons a r e  p r e s e n t  as u n s u b s t i t u t e d  and c o n t a i n i n g  one 
methyl  group. A +ew hydrocarbons may have C2 and C3 a l k y l  subs t i - -  
t u e n t s .  for  example. accu ra te  masses r e l a t e d  t o  s i g n a l s  m/z 328 
and 342 may represent ,  e i t h e r  C2 and C3- coronenes o r  CO-CI- 
d i benzoc hr- ysenes. 

Hydroxycompounds a r e  rep resen ted  by /OH/- and /OH/Z-henzenes; /OH/ 
and /OH/2-indenes; and /OH/ -naphthalenes, -acenaphthenes, - 
anthracenes, -+ luorenes.  No doubt. a t  l e a s t  some o f  t h e  compounds 
have p h e n o l i c  OH ( m/z 94; 110: 134). 

S t r u c t u r e s  I n a c t i v e  i n  Hydrogen T rans fe r  /Table 3; lower / .  I n  
c o n t r a s t  t o  t.he p o s i t i v e l y  c o r r e l a t e d  mass s i g n a l s ,  t h e  
n e g a t i v s l y  c o r r e l a t e d  s i g n a l s  rep resen t  e n t i r e l y  d i f f e r e n t  
o t r u c t u r e s .  None af  them can be ass igned t o  unsubst.uted a romat i c  
hydrocarbons. I n s t e a d  of  t h a t ,  t h e  s i g n a l s  rep resen t  s h o r t  a l k y l  
dwvi v a t  ivec, 0.f naphthalene, f l uo rene .  acenapht hene. anthracene 
and chrysene, t h e  f i v e  c lasses  o f  aromat ic  hydrocarbons t h a t  a r e  
no t  p resen t  a t  a l l  i n  t h e  s e t  0.f a c t i v e  s t r u c t u r e s .  The o the r  
aromat ics a re  a l k y l a t e d ,  C2-C5, pyrene. pery lene,  cyc lopenta-  
ohrysene and dibenzopyrene; these  a romat i cs  i n  t h e  p o s i t i v e l y  
c o r r e l a t e d  5 e t  a r e  e n t i r e l y  u n s u b s t i t u t e d .  
R few hydroxycompounds i . e . ,  C4-C7-dihydt-o~ybenzenes were a l s o  
found t o  be  i n a c t i v e  i n  hydrogen t r a n s f e r .  

Comparing t h e  p r e s e n t  r e s u l t s  wi t ,h r e s u l t s  ob ta ined  f o r  another  
s e t  o f  twen ty  c o a l s  of lower rank ( 2-4 ) ,  t h e  major d i f f e r e n c e  
is. t .hat  i n  h i g h  rank c o a l s  much more co r re l .a ted  s i g n a l s  at-e r e -  
l a t e d  t o  a romat i c  s t r u c t u r e s .  T h i s  r e f e r s  t o  t h e  p o s i t i v e l y  as 
w e l l  as n e g a t i v e l y  c o r r e l a t e d  signa1.s. 

F I  Mass S i g n a l s  an$--Structures C o r r e l a t e d  w i t h  S o l i d i f i c a % L , F j  
Temperatures. R e s u l t s  o f  c o r r e l a t i o n  a n a l y s i s  c a r r i e d  nut f o r  
two s e t s  o f  d a t a  i..e.. FI mass s i g n a l s  and temperatures o f  
s o l i d i f i c a t i o n  o f  coa ls .  Ts, a r e  p resen ted  i n  Tabla 2.  It has 
been s t a t e d  tha t .  a l l  s i g n a l s ,  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
T s ,  a r e  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  hydrogen t r a n s -  
fer-. however wit.ti o p p o s i t e  s i g n  (Table 2 ) .  
Th is  means. t h e  h i g h e r  t h e  con ten t  i n  a c o a l  of s t r u c t u r e s  shown 
i n  upper p a r t  o f  Table 3. t h e  lower i s  i t s  temperature o f  
s o l i d i f i c a t i o n  and  t h e  h ighe r  i t s  hydrogen t r a n s f e r .  I t  c l e a r l y  
i n d i c a t e s  a s t r o n g  l i n k  between r e a c t i v i t i e s  o f  t h e  s t r u c t u r e s  i n  
r e a c t i o n s  r e s u l t i n g  i n  s o l i d i f i c a t i o n  and i n  hydrogen t r a n s f e r  
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reactions. 
Next. the results of correlation analysis also show: the higher 
the content in a coal of structures presented in lower part of 
Table 3. the higher is its temperature of solidification and the 
lower its hydrogen transfer. Thus, the structures are inac- 
tive in solidification as well as hydrogen trans+er reactions. 

Summind up the results:, 
- The same structures are reactive i.n hydrogen transfer from the 
hydrogen donor and in reactions that result in solidification of 
coal on its heating. They are: (a) numerous unsubstituted and 
C1-aromatic hydrocarbons that contain from 3 up to 7 aromatic 
rings /except for the hydrocarbons quoted in the next para/; a 
few may have also CZ and C3 alkyls; and (b) CU-C7-alkylated 
hydroxyaromatic compounds that contain from 1 t o  3 aromatic 
rings. 
- Structures that are inactive in hydrogen transfer as well as in 
solidification reactions, are: alkyl-, LIP to C3, naph- 
thalenes, fluorenes;, acenaphthenes, anthracenes and chrysenes 
as well as alkyl-, up, to C5, aromatic hydrocarbons that 
have 4 rings (pyrene, perylene, cyclopentachrysene) 
and 4 rings (dibenzopyrene). 

DISCUSSION 

The link between H-acceptor capability o f  coals in reaction with 
H-donor and their temperature-induced solidification (1) lies 
in the +act that the same structures that are active in H- 
transfer from H-donor are also active in thermal reac- 
tions resulting in solidification. 
Hence, these structures during liquefaction can react Via two 
pathways: they can either react with H-donor or participate in 
condensation/polymerization reactions. The pathway by which the 
structure reacts depends on the availability of H-donor molecule 
or a molecule with which it can condensate or polymerize. 

i 

H-transfer activity of the Shown aromatic hydrocarbons (Table 
3;upper) can be explained on the basis of mechanism worked out by 
McMillen, Malhotra et al. (4); the aromatics react with 
hydroaromatic +I-donor and give rise to cyclohexadienyl radicals 
which in turn, lead .to cleavage of single bonds in coal material. 
The mechanism of solidification reactions of the aromatics can be 
deduced from studies of carbonization at 430-45OoC of model 
aromatic hydrocarbons (7) showing that they undergo condensation 
reactions. Hence, it is concluded that the shown aromatic 
hydrocarbons undergo such condensation during liquefaction and 
that this constitutes a part of retrogressive reactions in 
liquefaction. 

Assuming that the hydroxycompounds (Table 3; upper) are phenolic 
compounds, one can explain their activity in H-transfer by 

they contribute to solidification, e:.:cept for dihydroxybenzenes 
( 1 0 ) .  It has been stated that they readily polymerize at 400oC; 

' ' ionic mechanism was suggested ( 1 0 ) .  Thus, it is concluded that 
the hydroxycompounds polymerize in liquefaction and give rise to 
retrogressive reactions in this way, if H-donor is not available 
on molecular level. 

I several hypotheses ( B , 9 ) .  More obscure is mechanism by which 

The inactive structures (Table 3: lower) dilute the concentration 
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of. a c t i v e  spec ies .  Hence. t h e  h i g h e r  t h e  c o n t e n t  o f  i n a c t i v e  ones 
t h e  longer  t i m e  i s  needed f o r  s o l i d i f i c a t i o n .  T h i s  has been 
manifested i n  t h e  Gieseler -p lastometer  a6 t h e  i nc rease  of 
s o l i  d i f  i c a t , i o n  temperature.  

REFERENCES 
(1)  S. Iyama, T. Yokono and Y. Sanada, Carbon 1986. 24. 429: and 

( 2 )  H-R. Schu l ten ,  N. S immlei t  and A. Marzec, Fuei  1988, 67.619 
( 3 )  A. Marzec, S. Czajknwska. N. S immle i t  and H-R. Schul ten. 

(4) H-R. Schul ten.  A. Marzec, F'. Dyla,  N. S immle i t  and R. Mue l l e r  
Energy .% F u e l s  1989. 5. 481 

( 5 )  M.L.. Lee, V. Novotny and K.D. H a r t l e .  " A n a l y t i c a l  Chemist ry  
of Fo l ycyc l i i : :  Hydrocarbons". Academic Fress.  1981. pp..963- 
386 

( 6 )  D.F. McMi l len.  R. Malhot ra.  G.P. Hum and S-J. Chang, Energy % 
F u e l s  1987, 1, 193: and references t h e r e i n  

(7 )  M. Zander, ACS Fue l  Chem. D iv . ,  P r e p r i n t s  1789, 34/4/ ,  1218; 
and r e f e r e n c e s  t h e r e i n  

(8) D.D. Wh i tehu re t .  Th.O. M i t c h e l l  and M. Farcas iu.  "Coal 
L i q u e f a c t i o n " .  Academic Press,  1980, Ch. 8 and 9. 

( 9 )  L.M. Stock.  in :  "Chemistry o f  Coal Conversion".  Ed. R.H. 
Schlosberg.  Plenum Press. 1985, pp. 253-31:. 

( i t : ) )  F.M. Wang, V.P. S e n t h i l n a t h a n  and S.E. S te in .  Froceedings o f  
t h e  1989 Coal  Science Conference, Tokyo, v o l .  1, p. 165. 

ACKNOWLEDGEMENTS. T h i s  wet-1: was suppor ted by t h e  Deutsche For-  
schungsgemeinschaft ,  Honn-Had Godesberg / P r o j e c t  Schu 416/15-1/ 
and by t h e  POl iBh Academy o f  Sciences. 

re. ferencos t h e r e i n  

Fue l  P rocess ing  Technology, 1990, 26. 53 

Table 1 
BASIC CHARACTERISTICS OF THE STUDIED COALS 

._ - __ - ._ __ --- - - - - - -- .- - -- --- - 
COAL I W t  X d a f  I SOLIDFTN*: HYDROGEN TRANFER,HTr 
No I I g o f  H / I O 0  g org.mat. 

I C I 0 I Ts; OC I COAL I RESIDUE I EXTRACT 

1 0 0 1  8 5 . 0 1  6.9 I 433 I 0.78 I 0.77 I 1.1.68 
1 . 0 2 :  8 7 . 3 ;  4.6 I 417 I 1.06 I 0.84 I 0.83 
103 I 85.9 I 6.6 I 428 I 1.20 I 0.95 I 0.85 
104 I 85.3 I 6 .9  I 451 I 0.71 I 0.70 I 0.86 
105 I 85.7 I 6.9 I 440 I 0.68 I 0.67 I 0.91 
106 I 85.7 I 6 .6  I 451 I 0.76 I 0.61 I 1.01 
107 ; 86.4 I 2.8 I 464 I 0.74 I 0.51 I 0.95 
109 I 88.4 I 3.8 I 471 I .63 I 0.69 I , 0.61 
111:) I 88.3 I 3 .6  I 458 I .55 I 1:). 71 I 0.55 
111 I 86.7 I 5.2 I 465 I . 42 I 0. 73 I 0 .  60 
112 I 90.6 I 1.9 I 478 I 0.49 I 0.77 f 0.49 

114 I 89.4 I 3.2 I 490 I 0.12 . I  0.42 I 0.44 
117 I 84.5 I 7.5 I 454 I 0.76 I 1.03 I 0.81 
118 I 85.7 I 5 .3  I 448 I 0.61 I 0.95 I 0.72 
119 I 89.5 I 2 .7  I 479 I 0.27 I 0.47 I 0.41 

121 I 91.4 I 0.8 I 488 I 0.41 I 6.42 I 0.50 
122 I 88.7 I 1.7 I 490 I 0.36 I 0.46 I 0.97 
1 2 4 1  8 5 . 1 ;  6.8 I 431:) I 0.73 I 1-02 I 0.62 

Rangel 85-91 10.8-7.71 417-490 I 0.1-1.21 1:).4-1.0 I 0.4-1.0 

113 I 91.9 I 0.8 I 487 I 0.32 I 0.71 I 0.47 

120 I 84.5 I 7.7 I 430 I 0.89 I 1.00 I 0.72 

---_--------_----_______________________-------------------- 
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f 

I 

1 / G i  esel er p 1 a s t  ometer  ; s t a n d a r d  m e t  hod PN-6Z/G-O4536. 

T a b l e  2 
F I  MASS SIGNOLS CORRELATED WITH HYDROGEN TRANSFER VALUES / H T r /  

AND WITH SOLIDIFICATION TEMPERATURES / T s /  O F  THE COALS 
1 - 

I C o r r l n  c o e f f n t  I I I C o r r l n  c o e f f n t  

I HTr I Tr, I ,  I HTr  I Ts  
f o r  I ,  

I ,  

m / z  I f o  t- m/z I 

----- ------ ------ - 

i 58 
160 
162 
164 
172 
174 
176 
188 
1915 
200 
202 
212 
214 
224 
226 
238 
240 
250 
252 
254 
260 
262 
264 
274 
276 
278 
288 
290 
300 
302 
314 
328 
338 
340 
342 
350 
352 
364 
366 

Upper P a r t  
.85  
.59 
.81 
.82 
.85 
.69 
.76 
.79 
.53 . '70 
.54 
.91 
.80 
.50 
.93 
.82 
.91 
.82 
.81 
.77 
.57 . '72 
.85 
.73 
.76 
" 88 
.69 
.68 
.62 
.87 
.86 
.79 
" 81 
.64 
.83 
.71 . 90 
.85 
.88 

-. 82 -. 56 -. 75 -. 74 
-.83 -. 63 
-.71 -. 70 
-. 59 -. 67 
- . 60 -. 85 
- .e3 -. 60 
-.91 
-. 88 -. 94 -. 81 -. 84 -. 75 -. 64 -. 75 -. 90 -. 73 -. 76 -. 79 -. 70 -. 55 -. 65 
-. 85 -. 86 
-. 83 
-. 77 -. 48 
-.77 -. 72 -. 92 -. 88 
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376 
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300 
388 
390 
392 
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180 
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192 
194 
196 
206 
208 
218 
2 2 I) 
230 
244 
256 
258 
280 
284 
294 
298 
306 
308 
318 
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330 
332 
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344 
X46 
..dB 
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??r= 

Upper P a r t  
I .67 I 
I - 8 0  I 
: .88 I 
I .59 I 
I .74 I 
: -87  I 
: .84 I 
Lower P a r t  

I -.70 I 
I - . s o  I 
I -.eo I 
I -.71 I 

-.78 I 
- ' "  83 I 
- . 6 2  : 
-.91 I 
-.71 I 
-.72 I 
-.80 I 
-.E6 I 
-.90 I 
-.69 I 
-.90 I 
-.75 I 
-.74 I 
-.e6 I 
-.72 I 
-.75 I 
-.a7 I 
-.81 I 
-.a8 I 
-.59 1 
-.57 I 
-.e3 I 
-.a7 I 
- . a3  : 
-.a7 1 
-.72 : 

-. 76 
-. 86 -. 90 
-. 55 -. 84 -. 83 
-.88 

. 70 . 70 

.87 

. 80 

.a5 

.85 
55 

. 90 

.77 

.74 

.59 . 90 

.90 

.74 

.85 

.85 

.71 

.91 

.71 

.79 

.84 

.85 

.95 

.62 . 70 

.87 

.79 

.79 

.85 

.68 
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